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Introduction
In recent years, with the various types of high-pressure, ultra-high pressure vessel equipment is increasing, the welding of thick-walled pressure vessel in the welding efficiency and quality put forward higher requirements. As an advanced and efficient welding method, double wire submerged arc welding can reduce the welding level and pass, greatly improve the welding efficiency.
Compared with traditional single-wire submerged arc welding, double-wire submerged arc welding has its unique process parameters: the type and size of double-wire current, the position of double wire combination, the spacing of double wire, double wire pool pool or not, different groove form, and so on. With the increase of the process parameters, the control of the formation of increased weld pass factors, but also increased the difficulty of welding control. In this paper, a welding experiment is done using double wire submerged arc welding machine made by Shandong Aotai Electric Co., Ltd. MZ-1200, with welding power for the double-wire submerged arc, the use of DC-AC double-wire submerged arc welding wire used flat characteristics of DC welding power supply and constant speed wire welding machine, post-welding wire with no-load voltage drop characteristics of high AC welding power supply, with variable speed wire feeder.
This method uses a DC front-wire power, easy arc, after the welding wire for the AC power to reduce the magnetic partial blow, so that the front wire can use a larger welding current. Welding with high-current low-voltage high-current, to ensure penetration; exchange with a small current high voltage, increasing the melting width, so that the weld with the appropriate shape of the weld pool and weld shape factor, double wire submerged arc welding filler welding speed High, and the two arcs to form a molten pool, large volume of molten pool, there is a long time, full of metallurgical reaction, not only conducive to gas escape, but also conducive to the alloying of the weld and trace elements diffusion, small porosity sensitivity , So that double-wire submerged arc welding joint has good mechanical properties. Therefore, it is of great practical significance to carry out the study of the technology and popularization of medium and thick wall double wire submerged arc welding.
Welding Test

Welding Test Material Selection
The test specimens were machined to 150×800 (mm) with 32mm Q245R and 26mm Q345R steel plates. The chemical composition and mechanical properties of the parent metal are shown in Table  1 and Table 2 . 
Setting on Groove & Weld Preparation
In order to improve the welding efficiency of twin-wire submerged arc welding, the welding filling quantity and the ultimate microstructure are determined according to the influence of welding parameters on the weld forming process. Generally, the current of the front wire is larger and the voltage is small, which determines the penetration depth of the weld bead. And the current of behind wire is smaller and the voltage is larger, it can guarantee the welding width and weld shape. Therefore, rational design of groove parameters to reduce the filling of the weld metal is to determine the performance of dual-wire submerged arc welding preconditions. Test groove group on the assembly clearance b is 0mm, blunt side p is 20mm, groove angle α in 70°~90°range ( Figure 1 : the greater the h value of the smaller the angle of the groove). Q245R plate thickness of 32mm, the base material groove into α=β=80°with X-shaped groove (Figure 2 ), h=6mm, c=6mm; Q345R thickness of 26mm, the base material groove into α=80° with V-shaped groove (Figure 1 ), h=6mm. Welding should be removed before welding groove and groove on both sides of the 20mm ~ 50mm range of rust, oxide and oil, etc., to prevent hydrogen-containing substances into the welding zone, reducing the amount of hydrogen in the weld to avoid hydrogen holes. Before welding, rust, scale, oil, etc. should be removed in welding groove on its both sides of the 20 mm to 50 mm to prevent hydrogen material into the weld zone. This can reduce the hydrogen content in the weld, avoid hydrogen vent.
Welding Process
In the double wire submerged arc welding process, two kinds of welding wire is 4 mm in diameter. With the method of front wire DC reverse connection, its direction of the welding shows 75 ° ~ 80 °. With the method of behind wire AC reverse connection, it's direction of the welding shows 100°~105°. The distant between front wire and behind wire is 10~15mm [3] (Figure 3 ). In the welding process, double wire (electrode) before the wire DC wire exchange, the former electrode is DC reverse, using large welding current low arc voltage; give full play to the penetration of DC arc to obtain a large penetration depth. The use of relatively small welding current large arc voltage, increasing the melting width, to overcome the former may form a large current of molten metal accumulation, with high-speed welding, forming a beautiful weld formation. In the welding current, welding speed, while the match before and after a reasonable wire welding parameters to improve the weld shape, improve the quality of the weld, the specific process parameters in Table 4 , the process parameters in a wide range of control input welding line Energy, to meet the performance requirements of different thickness. During the test, the same welding speed was adopted for the two kinds of base materials. With the increase of the thickness, the current and voltage of the front wire were increased. When the wire current and voltage was unchanged, channel penetration depth, melting width and weld formation was ensured at the time [4] . 
Appearance Inspection Results of Welding Test Pieces
After 24 hours after welding, the appearance and non-destructive testing of the welded joints shall be carried out in accordance with NB/T47013.2-2015 (Pressure Vessel Nondestructive Test). The appearance inspection of welds is shown in Table 5 and the non-destructive testing is Grade I without defects. According to NB/T47014-2011 (pressure equipment welding process assessment) for tensile, bending and impact test, welding test plates of the mechanical properties of the test results are in line with standard requirements. 
The Macrosection Metallographic of the Welded Specimens
The macrosection metallographic of two kinds of specimen joints is shown in Figure 4 . It can be seen that there are no cracks in the macrostructure of the welded joints, no defects such as incomplete fusion and lack of penetration, and the appearance of weld is good. The Q245R (δ=32mm) frontal penetration is 18.3mm, and the reverse surface penetration is 16.8mm. Q345R (δ=26mm) specimens were 17.4mm positive penetration, reverse surface penetration depth of 15.5mm. Compared with the single wire submerged arc welding, double wire submerged arc welding in the welding of the weld pool is longer. Because the molten metal in the liquid in a long time, so the cooling rate is slowly. Because the alloy element in the weld has a long time to spread, so the metallurgical reaction is more fully. Because the pores in the weld and slag discharged easily, so the double wire submerged arc welding has better appearance. 
The Microstructure of the Welded Specimens
Microstructure of welded joints is shown in Figure 5 , specimen number Q245R (δ=32mm) from the metallographic observation, the weld meatal area for the sorbite+ferrite, heat-affected zone for the tempered bainite organization, parent metal zone for the ferrite+pearlite. The microstructures of Q345R (δ=26mm) are ferrite + pearlite. But the distribution of the proeutectoid ferrite morphology and the degree of growth of columnar crystals are quite different. Due to the large welding current, there is a certain overheated structure in the heat-affected zone. The massive proeutectoid ferrite is reticulated along the austenite grain boundary and other zones are tempered bainite. There is a small amount of pearlite distribution near ferrite. Weld meatal area of relatively large metal grain, and sometimes there will be overheated, resulting in Widmanstatten pattern [5] . When the heat input is low, the proeutectoid ferrite become into a strip, block, a smaller impact on the performance of the heat input is high, the proeutectoid ferrite form a continuous network, breaking the relationship between the matrix, Impact toughness decreased. 
Mechanical Properties of Welded Joints
Mechanical properties of welded joints according to NB/T47014-2011 process assessment standards: tensile test tensile strength values higher than the standard requirements, are qualified, most of the tensile specimens in the parent metal; bending test all qualified; welding The weld hardness and heat-affected zone are close to that of the base metal. The welding heat input is reasonable and the impact value meets the test requirements. 
Test Piece Weld Chemical Composition
In accordance with the relevant standards of the chemical composition of weld testing, test results is shown in Table 7 . It can be seen that the chemical composition of the weld line with the base metal component requirements. 
Compared Analyses
In order to compare the efficiency and cost of SAW and SWAW, 6000mm annular weld was used to compare the material consumption and time consumption of two different welding processes.
The Welding Material Consumption Contrast
Under the same operating conditions, experiments were carried out using of double-wire submerged arc welding and single-wire submerged arc welding for 6000mm ring welding respectively. And the consumption of welding wire and welding flux is shown in Table 8 . We can see that double wire submerged Arc welding than single-wire SAW welding saving more than 70%, saving more than 65% welding flux. 
The Time Consumption Contrast
Welding experiments were carried out using of double-wire submerged arc welding and the traditional single-wire submerged arc welding respectively for the diameter of 2000mm round tube. The statistical results of welding speed and consumption time in different thickness are shown in Table 9 .Table data statistics show that double wire submerged arc welding method can significantly improve the welding efficiency of the weld metal. This method is better than the single wire submerged arc welding method for saving labor, improving the effectiveness of 6 times. If the diameter and thickness of the weld is greater, the work efficiency will increase significantly. (1) This study adopts double wire submerged arc welding method: Q345R and Q245R. This can provide a greater penetration depth and ensure the weld width, gets the reasonable appearance of weld. Its mechanical properties can meet the requirements of production.
(2) Because of the double wire submerged arc welding method under the influence of hot metal composition segregation region weakened, and weld metal cooling rate slows down, so the weld metal grain is coarse. Compared to the heat-affected zone, the impact property of the heat-affected zone is relatively low. The impact property of weld and heat affected zone is higher than that of base metal.
(3) When the medium thickness of the plate is welded by double wire submerged arc welding method, the efficiency of metal melting is higher than the traditional single wire submerged arc welding method. This greatly reduces the cost of welding, saving labor and improving productivity.
